The Centers for Disease Control and Prevention recommends hepatitis A virus (HAV) vaccination for all children at age 1 year and for high-risk adults. The vaccine is highly effective; however, protection duration is unknown. We report HAV antibody concentrations 17 years after childhood immunization, demonstrating that protective antibody levels remain and have stabilized over the past 7 years.
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Historically, incidence rates of hepatitis A virus (HAV) infection were up to 40 times greater in Alaska Native people as compared to similarly aged non-Alaska Natives in Alaska [1, 2] . Large epidemic outbreaks occurred in rural Alaska approximately every 7-10 years. In 1996, universal childhood HAV vaccination was introduced statewide in Alaska, and the incidence of acute hepatitis A declined dramatically [3] . In the early 1990s, we recruited a prospective cohort of Alaska Native children (45% male) for long-term follow-up who had participated in a HAV prelicensure vaccine trial. All were HAV antibody (anti-HAV) seronegative, did not have preexisting medical conditions (eg, none were immunocompromised or long-term recipients of steroids), and were 3-6 years of age at the time they were vaccinated. Previous reports from this group have described the interim anti-HAV levels at 10 and 15 years [4, 5] . Here, we compare anti-HAV geometric mean concentrations (GMCs) by vaccination schedule in aggregate and also specifically at 10, 12, 14, and 17 years to propose revised interpretations.
METHODS

Study Population
This study was approved by the institutional review boards of the Alaska Area Native Health Service, the Indian Health Service, and the Centers for Disease Control and Prevention, as well as by 2 Alaska Native health organizations, the Southcentral Foundation and the Alaska Native Tribal Health Consortium. Consent to participate was received from 1 parent or guardian at the start of the study, and consent was again obtained at the 10-year follow-up time point. When participants reached 18 years of age, consent was obtained from the participants themselves. Initially, 144 Alaska Native children were recruited for long-term follow-up and invited to be tested yearly for the first 5 years then approximately every 2 years thereafter.
HAV Vaccination
Patients were randomized to receive the inactivated HAV vaccine HAVRIX® (360 EU, GlaxoSmithKline Biologicals, Rixenart, Belgium) on 1 of 3 schedules: schedule A (0, 1, and 2 months; 51 participants), schedule B (0, 1, and 6 months; 46 participants), and schedule C (0, 1, and 12 months; 47 participants). At each follow-up time point, participants were queried regarding any illness that included jaundice or icterus and whether they had received a diagnosis of acute hepatitis. In addition, medical records for each participant were reviewed for any illness consistent with acute hepatitis A.
Analysis
Sera were tested for anti-HAV by using a modified enzymelinked immunosorbent assay (DiaSorin). The method for this assay has not changed over the course of the study, and the results are quantitatively expressed in milli-international units per milliliter, with anti-HAV concentrations of ≥20 mIU/mL considered protective. All anti-HAV levels were log transformed and analyzed using simple and repeated-measures analysis of variance. Data are reported as GMCs, by vaccination schedule, over time.
RESULTS
At the 17-year follow-up time point, there were 58 participants from the original cohort of 144. The 58 participants did not differ from those who were no longer participating in the study with respect to sex, study group, initial peak response, or age at first dose of vaccine. Thirty participants from the original cohort were ineligible at 17 years because they had received a booster dose of the inactivated HAV vaccine after completion of primary vaccination series. Fifty-four of the 58 participants (93%) had anti-HAV levels of ≥20 mIU/mL. Specifically, 20 of 23 schedule A participants (87%) had protective anti-HAV titers at 17 years, which is similar to results at 12 years ( Table 1 . At each of the follow-up time points, we recruited all available participants; thus, the numbers of participants varied at each of these time points.
Schedule A participants had an anti-HAV GMC of 129 mIU/mL at 17 years, compared with 235 mIU/mL and 354 mIU/mL for schedule B and C participants, respectively, but this difference did not reach significance (P = .143). However, comparison of schedule A participants with schedule B and C participants in aggregate over the past 7-year follow-up period revealed that the anti-HAV GMC among schedule A participants was significantly lower than that among schedule B and C participants (P = .037; Figure 1 ). If we adjust for peak anti-HAV levels, the antibody levels did not differ for participants in the 3 schedules over 17 years of follow-up (P = .788). Previous analysis of this group showed a linear decrease in anti-HAV levels over time, through 10 years after completion of the vaccine schedules. However, between 10-17 years, the anti-HAV GMC for schedule A (P = .647), B (P = .883), and C (P = .922) participants demonstrated no significant decreases and instead plateaued (P = .836; Figure 1 ). No participants reported having an illness with acute jaundice, and review of clinical medical and laboratory records did not identify any participant who had acute hepatitis during the entire followup period.
DISCUSSION
The findings of our study demonstrate that protective anti-HAV levels persist 17 years after primary vaccination, indicating that booster doses of HAV vaccine are not currently needed. The state of Alaska instituted a large-scale vaccination program in 1996, with high levels of compliance, as evidenced by completion of the HAV vaccination series by 93% of adolescents [6] . Together, the high vaccination rates among children, persistence of anti-HAV levels in vaccinated persons, low statewide incidence of acute hepatitis A (approximately 0.6 cases per 100 000 persons annually since 2004), and no epidemics of acute hepatitis A in Alaska since 1994 support the assumption that HAV is no longer circulating in the general Alaskan population [7] [8] [9] . Moreover, these findings support the conclusion that persistence of protective levels of anti-HAV is likely due to the immunogenic properties of the vaccine and that it is unlikely that levels of anti-HAV could have been artificially enhanced by exposure of participants to infected persons (ie, natural boosting).
On the basis of a repeated measures log-linear model of rates of decline, we have previously predicted that anti-HAV GMCs for vaccination schedules would persist above seroprotective levels for 22-32 years, depending on the vaccination schedule, for at least half of the persons immunized [4, 5] . In light of stable anti-HAV GMC levels over the past 7 years of follow-up, we must now consider that the plateauing anti-HAV GMCs suggest that the rates of antibody decline diminish over time and that, potentially, these vaccination schedules are adequate to provide protection to children for durations significantly beyond those predicted earlier, into later adulthood. Moreover, inactivated HAV vaccine is thought to elicit cellular immunity, and immunologic memory may provide protection beyond the period of high levels of antibody circulation [10] . To test this, it is imperative that interval reassessments are conducted to determine how long protective antibody levels persist and when booster vaccination doses, if any, will be needed for later protection.
There are recent reports of long-term follow up studies in adults at 15 years with a 2-dose vaccination schedule [10] , in children at 10 years with a 2-dose schedule in different geographical regions [11, 12] , and in children in different geographical regions at 5 years with a 3-dose schedule [13, 14] . Whereas these studies support the long-term immunogenicity of HAV vaccine, our cohort is uniquely poised to address the long-term protection of the vaccine, because the cohort consists of individuals who received the vaccine during early childhood and continue to be followed into adulthood. Because children are frequently associated with HAV transmission and we would like to evaluate whether early immunization lasts through adulthood, this is a critical cohort to follow and impacts the immunization strategy of children in the United States and abroad [7] .
A limitation of this study is the decreasing number of participants who remain involved as the time from vaccination increases. Nevertheless, this is the longest childhoodadministered HAV vaccine immunogenicity study in the world, and the participants will be a valuable cohort to monitor in the future. We plan to continue to follow this cohort of now young adults for at least the next 5 years and, if possible, longer. However, 86 of the original 144 participants (60%) have been lost to follow-up (n = 56) or have inadvertently received subsequent doses of HAV vaccine after the original immunization series (n = 30). As this study continues and the number of participants continues to decrease, it might not be possible to detect statistically significant differences between participants with different immunization schedules. Although future recruitment is a concern as these Alaskans continue into adulthood and possibly become more mobile, our data indicate that while initial anti-GMCs in the schedule A participants never reached the peak anti-HAV GMCs observed in schedule B and C participants, the 3 schedules have similar rates of decline in anti-HAV levels. Thus, in the future, if we do not have sufficient numbers of participants to compare these groups separately, combined analysis of the 3 groups could be reported. These graphs depict all available data for each time point. The large graph shows data from years 10-17 after receipt of the final dose, whereas the inset graph shows anti-HAV levels over the entire study period.
Notes
